can be written as a function of magnetic susceptibility.
(7) !
Normalized magnetic susceptibility
Magnetization of superparamagnetic nanoparticles is given as 3, 4 (8) ! where
we can obtain magnetic susceptibility by differentiating magnetization with respect to magnetic field strength.
(11) ! Therefore, normalized magnetic susceptibility becomes (12) !
Effect of Hall sensor geometry
Geometry of Hall element affects Hall voltage output as described in Eq. (1). We could further evaluate the effect of Hall sensor geometry by analyzing signal to thermal noise ratio. The magnetic field resolution ( ) is given as 2 (13) ! As shown in Eq. (13), the minimum magnetic field that the Hall sensor could detect is a function of width (w), length (l), and thickness (t) of the Hall sensor cross.
Hall voltage and sample position
The magnetic induction at the position r from the Hall sensor surface is given as 4 (14) where ( 
Size of sample chamber
Effective sensing volume of the Hall sensor determines the size of microfluidic chamber. Based on our sensitivity measurement, the minimum magnetic field (Bmin) that the Hall element can detect is Bmin = 0.15 µT, which is equivalent to 0.1 µV in the Hall voltage output (VH.Lock) from lock-in measurement with 2 sec integration time. We assume that a magnetic particle (diameter d = 1 µm, saturation magnetization M = 336 kA/m) 5 is positioned above the Hall sensor. The field from the bead can be approximated as ( 
17) !
Setting B > Bmin, we get r < 6 µm. The maximum distance within which the particle can still be detected is ~ 6 µm. Therefore the effective sensing volume of the Hall sensor (l = 7 µm, w = 7 µm) will be 19 µm
. If the size of the chamber is larger than the effective sensing volume, the Hall sensor output could not detect the signal from the area beyond the effective sensing volume. We chose the size of the microfluidic chamber based on the effective sensing volume and the size of single cancer cell. 
